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ABSTRACT 
Ovary explants from 1-2 week old flowers of ginger (Zingiber officinale) 
developed profuse callus in Murashige and Skoog medium supple-
mented either with 2,4-dichlorophenoxyacetic acid (lmgJ'l) alone or 
with 2,4-dichlorophenoxyacetic acid (0.5 mgJ'l) and· benzyladenine 
(lmgJ'l). The callus later turned embryogenic and produced white 
globular embryoid like structures when cultured on modified Murashige 
and Skoog medium supplemented with benzyl adenine (10 mg!") and 
2,4-dichlorophenoxyacetic acid (0.2 mgl'!). The embroyoid formation 
was more pronounced when growth regulators were removed from the 
culture medium after initial embryogenesis. Some of the embryoids 
developed into complete plantlets. The primary embryoids directly 
produced secondary embryoids in subsequent cultures on growth 
regulator free medium. The individual embryoids developed into 
plantlets with better rooting when a-naphthalene acetic acid 
(1 mgJ'l) was added to the culture medium. About 80 per cent of these 
plantlets were established in soil. 
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Diseases like rhizome rot and bacterial 
wilt and the absence of resistant vari-
eties are major pro?uction constraints 
in ginger (Zingiber officinale Rose., 
Zingiberaceae), a herbaceous perennial, 
the rhizomes of which form the spice 
ginger. The possibilities of developing 
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Embryogenesis in ginger 
resistant varieties and rapid multipli-
cation of disease-free planting material 
utilizing tissue culture techniques as-
sumes paramount importance in ginger 
since conventional breeding programmes 
are inapplicable due to lack of seed set. 
Micropropagation of ginger has been 
reported earlier by various workers 
(Hosoki & Sagawa 1977; Pillai & Kumar 
1982; Ilahi & Jabeen 1987; 
Bhagyalakshmi & Singh 1988; 
Balachandran, Bhat & Chandel 1990). 
The present study reports embryogenesis 
and plantlet formation from callus cul-
tures derived from excised ovaries, and 
further multiplication ofthese embryoids 
by adventitious budding in ginger. 
Materials and methods 
Young 7-15 days old inflorescences of 
ginger were collected during July-Au-
gust and disinfected by washing with 
5% detergent solution (Teepol) for 20 
min followed by distilled water. These 
inflorescences were then surface steri-
lized with 0.1% HgCI, solution for 5-7 
min and rinsed 4-5 times with sterile 
water. Ovaries from individual flowers 
were excised under aseptic conditions 
and cultured on MS medium (Murashige 
& Skoog 1962) containing 30 gP 
'Qualigens' bacteriological grade agar 
agar supplemented with 2,4-D (0.2, 0.5, 
1.0 mgP) and BA (0.2, 0.5, 1.0 mgl-!) in 
various combinations for callus produc-
tion. The callus obtained was cultured 
on MS medium with higher concentra-
tions ofBA (0.5, 1.0, 5.0, 10.0 mgt!) and 
reduced concentrations of 2,4-D (0.1, 
0.2, 0.5 mgP) for morphogenesis. The 
resultant embryoids'and plantlets were 
cultured on MS medium with 1 mgP of 
NAA for further growth and develop-
ment. 
The pH of the medium was adjusted to 
5.7 before autoclaving and the cultures 
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were incubated at 25 ± 2°C with 16 h 
of photoperiod. The well developed 
plantlets were transferred to polythene 
bags containing garden soil, sand and 
farmyard manure in equal proportions 
. and were kept in a humid chamber with 
90-100% Relative Humidity for 20 days 
for hardening and establishment. 
Results and discussion 
The excised ovary tissues started swell-
ing and produced callus by the 4th week 
in MS media in all the concentrations of 
2,4-D with or without BA. However, the 
best callus production was obtained 
with either 1 mgP 2,4-D alone or with 
0.5 mgP 2,4-D and 1 mgP BA. The 
callus could be maintained and multi-
plied in the same media by monthly 
subcultures. 
The callus derived from ovary tissues 
when tested for its morphogenic re-
sponse by increasing the concentration 
of BA and reducing the concentration 
2,4-D in the culture medium continued 
to grow in all the combinations tested. 
However, morphogenic response was 
not noticed in the first culture cycle, 
except in the medium without growth 
regulators, where rhizogenesis was evi-
dent. The calli were transferred to fresh 
media of same compositions in repeated 
subcultures at monthly intervals. After 
4-5 such transfers, indications of 
morphogenesis were seen in the media 
supplemented with 10 mgP BA and 0.2 
mgP 2,4-D and also in 5 mgP BA and 
0.1 mgl-! 2,4-D (Fig. 1a). In both the 
media white globur embryoid like struc-
tures were observed in 60 per cent of the 
cultures (Fig. 1b). This process contin-
ued in the subsequent cultures in the 
same medium. The embryogenic calli 
were separated out and used for subse-
quent cultures. When growth regulators 
were removed from the culture medium 
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Fig. 1. -Embryogenesis and plant regeneration from ovary derived callus of ginger 
a & b. Embryogenesis c & d. Production of embryoids from primary embryoids 
Embryogenesis in ginger 
at this stage, the callus turned green 
and the rate of morphogenesis increased 
considerably resulting in many 
embryoids which could be separated 
easily with a gentle tap. On subsequent 
transfer to fresh medium without growth 
regulators; some (10-20 per cent) of 
these embryoids developed into com-
plete plants while many others pro-
duced secondary embryoids by adventi-
tious embryogenesis resulting in a large 
number of (100-300) tiny embryoids. 
Some of these tiny embryoids were 
compactly arranged while others were 
loosely arranged (Fig. 1. c & d). The 
development of these embryoids into 
complete plantlets was higher when 
NAA (1 mgP) was added to the culture 
medium which also resulted in good 
rooting of these plantlets. About 80 per 
cent of the plantlets established when 
transferred to polythene bags filled with 
soil mixture and kept in a humid 
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chamber for 15-20 days with above 90% 
Relative Humidity. 
Though adventive embryogenesis, the 
development of embryos from cells that 
are not products of gametic fusion, is a 
known phenomenon, its Occurrence is 
restricted to intra-ovular tissues. In 
tissue cultures also floral or reproduc-
tive tissues in general, have proven to 
be an excellent source of embryogenic 
material (Ammirato 1983). Somatic 
embryogenesis from ovular tissue have 
been reported in various plant species 
like citrus (Kochba & Spiegel Roy 1973), 
Paulownia tomentosa (Radojevic 1979), 
Vitis vinifera (Srinivasan & Mullins 
1980), Carica papaya (Litz & Conover 
1982), etc. This is the first report of 
somatic embryogenesis from ovary de-
rived callus in Z. officinale . The high 
frequency regeneration system devel-
oped in this study has tremendous 
Table 1. In vitro responses of ovary derived tissnes of ginger 
Tissue 
Excised ovary 
Ovary derived callus 
Morphogenit callus 
with white globular 
embryoids 
Embryoids 
Hormonal composition# 
(in MS* basal medium) 
0.5 mgP 2,4-D+1 mgP BA 
or 1 mg]"1 2,4-D 
Hormone-free medium 
0.2 mg]"! 2,4-D+ 10 mg!"' BA 
or 0.1 mgP 2,4-D+5 mgP BA" 
Hormone-free medium 
1 mg]"1 NAA 
# Combinations where best response was observed 
* Murashige & Skoog (1962) 
Morphogenic response 
Callus induction and 
proliferation 
Rhizogenesis 
Morphogenesis with 
white globular embryoids 
Increase in rate of 
embryoid formation; 
adventitious production 
of secondary embryoids 
and plantlets with well 
developed roots 
Well developed plantlets 
with profuse rooting 
** After 4-5 repeated transfers into the same medium at monthly intervals 
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advantages because of the large number 
of tiny embryoids that are available per 
culture. This not only gives a high rate 
of multiplication but also provides an 
ideal system for in vitro polyploidisation 
as well as in vitro mutagenesis for inc-
reasing somaclonal variations and uti-
lizing them for crop improvement of 
ginger including development of disease 
resistant varieties. 
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